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ABSTRACT OF THE DISCLOSURE 
Carboxylic acids are converted to the corresponding 

hydroxymethyl-substituted compounds by preparing an 
aqueous solution of their alkali metal salts buffered to a 
pH between about 6.0 and 7.0 and then reacting the 
buffered salt solution with hydrogen in the presence of 
a hydrogenolysis catalyst such as active metallic cobalt. 
In a particularly useful embodiment the potassium salts 
of carboxylic acids, dicarboxylic acids, and hydroxy 
carboxylic acids having at least about four carbon atoms 
are hydrogenolyzed in a reactor within which the desired 
buffering is accomplished with potassium bicarbonate in 
the presence of a finite concentration of free carbon 
dioxide. After the reaction step the liquid product is 
degassed at a temperature high enough to decompose 
potassium bicarbonate to potassium carbonate; the reac 
tion product separates into two phases because of the 
salting-out action of the resulting potassium carbonate, 
and the organic products can be recovered by decantation 
while the aqueous phase, containing reuseable potassium 
carbonate, is recycled to the acid-neutralization step which 
precedes the hydrogenolysis. 

BACKGROUND OF THE INVENTION 

This invention relates to the conversion of carboxylic 
acids to the corresponding hydroxymethyl-substituted 
derivatives by hydrogenolysis of the carboxyl group to 
the hydroxymethyl group. More particularly it relates to 
a method for effecting such hydrogenolyses which does 
not require either the esterification of the carboxyl group 
as an initial process step nor the hydrogenolysis of the 
free carboxylic acid with the attendant drawbacks of 
process apparatus corrosion and resulting catalyst deac 
tivation by corrosion products. 

In a particularly useful embodiment this invention 
relates to a method for hydrogenolyzing unesterified car 
boxylic acids which, as compared with the prior art, is 
characterized by reduced energy requirements and a sim 
plified process flow scheme in the product-recovery oper 
ations following the hydrogenolysis step. 

It is known in the art to convert carboxylic acids to 
the corresponding hydroxymethyl-substituted compound 
by hydrogenolysis. Such processes are employed, for 
example, for the conversion of adipic acid, 6-hydroxy 
caproic acid, and their homologs to the corresponding 
diols, 1,6-hexanediol produced by such a method being a 
useful intermediate for the production (by reductive 
amination) or hexamethylenediamine, which is used in 
the manufacture of nylon salt. Simple monocarboxylic 
acids can also be converted to monohydric alcohols by 
the same method. Processes of this nature as heretofore 
carried out, however, have had drawbacks which are due 
to the acidity of the carboxylic acid feedstocks. Specifi 
cally, with many hydrogenolysis catalysts, such as copper 
chromite, catalyst deactivation by the free carboxylic acid 
necessitates esterification of the acid as a preliminary 
step before hydrogenolysis. Accomplishing the requisite 
Substantially complete esterification necessitates the use 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

70 

2 
of comparatively complicated and expensive process 
apparatus and also requires the use of substantial quan 
tities of energy, e.g. steam. Alternatively, methods are 
known for hydrogenolyzing the unesterified acids by 
employing as hydrogenolysis catalyst rhenium black or 
pellets of sintered cobalt oxide which are reduced to 
metallic cobalt prior to the hydrogenolysis. Such catalysts 
can be employed for extended periods of time but have 
drawbacks in that they are comparatively expensive. 
Also they tend to become deactivated ultimately, either 
by the free carboxylic acid itself or by corrosion products 
resulting from interaction between the free carboxylic 
acid and the metals of which the process apparatus is 
fabricated and strong solutions of free carboxylic acid 
feedstocks also cause the catalyst pellets to disintegrate. 
Thus the processes of the prior art have been character 
ized by either the expense of preparing ester intermediates 
or, alternatively, the corrosion-related difficulties of 
handling free carboxylic acids at the elevated tempera 
tures characteristic of hydrogenolysis processes. 

It is an object of the present invention to provide a 
method for effecting the hydrogenolysis of a carboxy 
Substituted compound to a corresponding hydroxymethyl 
Substituted derivative without the necessity of first con 
verting the carboxylic feedstock to an ester. Likewise it 
is an object to provide a method for effecting such hydro 
genolysis under conditions such that the contents of the 
hydrogenolysis reactor are of diminished acidity as com 
pared with the conditions obtaining when such direct 
hydrogenolysis is carried out under the conditions char 
acteristic of the prior art with resulting increase of cata 
lyst life. It is another object to provide a method for 
hydrogenolyzing an aqueous solution comprising a car 
boxylic acid having at least about 4 carbon atoms in the 
molecule whereby, at the conclusion of the hydrogenoly 
sis step, the products can be separated from the aqueous 
component of the reaction mixture by a simple decanta 
tion method not requiring distillation or evaporation. It 
is a particular object to provide an improved method 
for producing 1,6-hexanediol from adipic acid, 6-hydroxy 
caproic acid, epsilon-caprolactone, or a mixture of these 
as formed in the liquid-phase oxidation of cyclohexane. 

Other objects of the invention will be apparent from 
the following detailed description, examples, and claims. 

SUMMARY OF THE INVENTION 
In accordance with the present invention a carboxy 

Substituted feedstock, which may be a monocarboxylic 
acid, a dicarboxylic acid, a hydroxycarboxylic acid, or 
a lactone (which is the equivalent of a hydroxycarboxylic 
acid in the present context), is neutralized in aqueous 
Solution with a basic alkali metal compound, especially 
with potassium; the resulting solution of the metal salt 
of the carboxylic acid feedstock is then buffered to a pH 
between about 6.0 and about 7.0, and the resulting buf 
fered Solution is then subjected to catalytic hydrogenolysis 
to form the hydroxymethyl-substituted derivative corre 
Sponding to the carboxylic acid. It has been discovered 
that, if the pH is adjusted in this manner so that there 
is no excess alkalinity, acid salts can in fact be hydro 
genolyzed whereas they cannot be when excess alkalinity 
is present. Likewise, if the pH is maintained above about 
6, catalyst life is extended and apparatus corrosion is 
reduced as compared with conditions prevailing when the 
free acid itself is hydrogenolyzed. 

It has further been discovered that a particularly useful 
process results when a potassium salt of the carboxylic 
acid is employed and when the desired buffering is ac 
complished by maintaining a finite concentration of free 
carbon dioxide in the hydrogenolysis reactor (the result 
ing pH being that characteristic of the KHCO<>CO 
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equilibrium). At the conclusion of the hydrogenolysis re 
action carried out with this potassium salt:CO2 system, 
the liquid hydrogenolysis product is degassed at reduced 
pressure and at a temperature sufficient to decompose 
potassium bicarbonate to potassium carbonate and carbon 
dioxide, whereby gaseous carbon dioxide is removed 
from the reaction product leaving behind a liquid phase 
in which the potassium content exists mainly as potas 
sium carbonate. When the process is carried out in this 
manner with a hydrogenolysis product comprising pre 
dominantly a diol or diols having at least about 4 car 
(bon atoms or alkanols having at least about 3 carbon 
atoms, a particularly advantageous process results in that, 
by maintaining in the hydrogenolysis product a potassium 
salt concentration of at least about 2 gram-equivalents 
of potassium per kilogram of water contained therein, it 
is possible to separate the organic hydrogenolysis product 
from an aqueous phase comprising water and the potas 
sium carbonate by simply cooling the hydrogenolysis prod 
uct mixture to a temperature at which two liquid phases 
form therefrom. The organic products can be recovered 
for whatever product workup process is desired by simply 
decanting the upper, organic, layer while the lower, or 
aqueous, layer containing the potassium carbonate can 
be recycled to the hydrogenolysis step of the process. That 
is, the aqueous phase is mixed with the carboxylic acid 
feedstock in sufficient quantity to prepare an aqueous Solu 
tion thereof in which the carboxylic acid has been neu 
tralized in accordance with the reaction: 

KCO--RCOOH->RCOOK--KHCO 
It will be recognized, of course, that the carboxylic acid 
in the foregoing equation can be a monocarboxylic or a 
dicarboxylic acid as well as a hydroxycarboxylic acid or 
a lactone. 
With further reference to the phase separation men 

tioned above, the potassium content of the mixture need 
not be as high as 2 gram-equivalents per kilogram of 
water when the hydrogenolysis product comprises pre 
dominantly molecules having more than 2 carbon atoms 
per hydroxyl group. Specifically, satisfactory phase separa 
tion obtains with only about 1 gram-equivalent of potas 
sium per liter of water when the hydrogenolysis product 
comprises a pentanediol or a higher homolog such as 1,6- 
hexanediol. In accordance with the well-understood princi 
ples by which salt solutions have the effect of "salting 
out' organic components of aqueous solutions, even lower 
concentrations of potassium salt (or other alkali metal 
salts) can be employed when the hydrogenolysis products 
are less hydrophilic than 1,6-hexanediol. 
OETALED DESCRIPTION AND PREFERRED EM 
BODIMENTS OF THE INVENTION FEEDSTOCKS 

In terms of commercial importance, the carboxylic acid 
feedstocks to which the invention is particularly 
applicable comprise carboxyalkanes, dicarboxyalkanes, hy 
droxycarboxyalkanes, and lactones (which are cyclic 
esters of, and react during hydrogenolysis in the same 
manner as, hydroxy carboxylic acids). Particularly useful 
feedstocks are the carboxylic acids obtained by the liquid 
phase oxidation of cyclohexane, including succinic, glu 
taric, adipic, propionic, butyric, valeric, and caproic acids, 
epsiloncaprolactone, and the monohydroxy-substituted de 
rivatives of butyric, valeric, and caproic acid including 
specifically 6-hydroxycaproic acid. Higher carboxyalkanes, 
dicarboxyalkanes, and hydroxycarboxyalkanes can also be 
treated, as well as the alkenoic acids. It will be recognized, 
of course, that hydrogenolysis of the alkenoic acids may 
result in formation of the saturated hydroxymethyl-Sub 
stituted derivatives. 

Broadly speaking, any carboxylic acid which is amen 
able to catalytic hydrogenolysis can be hydrogenolyzed 
by the present process. 
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4. 
BUFFERING SYSTEMS 

The first step of the process is the neutralization of the 
free carboxyl groups of the carboxylic acid feedstock, the 
resulting solution then being buffered to a pH between 
about 6 and 7. In carrying out this step any of several 
approaches can be taken, which will be obvious to those 
skilled in the art. For example, as in a preferred embodi 
ment of the invention, the carboxylic acid can be neutra 
lized with an at least equimolar quantity of an alkali 
metal carbonate, especially potassium carbonate, with 
sufficient free carbon dioxide then being added to convert 
any residual carbonate to bicarbonate while maintaining 
a finite concentration of residual free carbon dioxide. 
Another alternative is to neutralize the carboxylic acid 
with a di-alkali metal hydrogen phosphate. Other methods 
for preparing buffered solutions of the alkali metal salts 
of the carboxylic acid feedstocks will be readily apparent, 
but the method just described entailing the use of an alkali 
metal carbonate and free carbon dioxide is particularly 
useful. It will be understood that during the hydrogenol 
ysis step which follows the preparation of the buffered 
salt solution the conversion of carboxylate moiety to hy 
droxymethyl moiety releases a quantity of alkali stoichio 
metrically equivalent to the converted carboxylate moiety. 
It is necessary, therefore, that the weak acid component 
of the buffer system be present in the hydrogenolysis re 
actor in at least sufficient quantity to neutralize this freed 
alkali while still maintaining a finite quantity of said weak 
acid component. For example, it is necessary that when 
the weak acid component is carbon dioxide, there be main 
tained in the hydrogenolysis reactor enough carbon diox 
ide to neutralize the freed alkali and still maintain an 
excess of free carbon dioxide (or carbonic acid). 

Concentration of the components of the hydrogenolysis 
feedstock solution, as distinguished from the stoichio 
metric relationships among its components as discussed 
above, is not critical in the broader aspects of the inven 
tion. However, concentration is a significant parameter in 
that embodiment in which recovery of the hydrogenolysis 
products is effected by decantation of an organic liquid 
layer as previously discussed. Specifically, for that system 
in which potassium carboxylates have been hydrogenol 
yzed in the presence of the potassium bicarbonate-carbon 
dioxide buffer system, it is recommended that, when the 
phase separation is carried out, there be present in the 
liquid product mixture at least about 1 gram-equivalent 
of potassium per kilogram of water contained in the mix 
ture. This is sufficient to "salt out' an organic phase 
comprising the hydrogenolysis product if the organic phase 
comprises predominantly dihydroxy compounds having in 
the molecule at least about 2.5 carbon atoms per hydroxyl 
group or monohydroxy compounds having at least about 
4 carbon atoms per hydroxyl group (e.g. pentanediol and 
its higher homologs or butanol and its higher homologs). 
If the hydrogenolysis product comprises predominantly 
a butanediol, e.g. 1,4-butanediol, a somewhat higher po 
tassium concentration is recommended, i.e. at least about 
2 gram-equivalents per kilogram of contained water. 
Higher concentrations of dissolved potassium than those 
just named have no ill effect, of course, and will in fact 
enhance the degree of phase separation in marginal situa 
tions, i.e. when the hydrogenolysis product tends to be 
rather strongly hydrophilic. 
With further reference to the matter of concentration, 

water content of the hydrogenolysis feedstock solution is 
not critical although at least enough water should be 
present to dissolve any components of the feedstock 
which are normally solids, e.g. the carboxylate salts them 
selves. The use of highly dilute solutions has no ill effect 
other than increasing the quantity of liquid which must be 
processed through the hydrogenolysis reactor per unit of 
organic material and decreasing the reaction rate. 
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HYDROGENOLYSIS 
The details of how the hydrogenolysis step itself is car 

ried out are not pertinent to the present invention except 
that this step of the process is carried out by the generally 
understood processes for hydrogenolyzing liquid feed 
stocks comprising free carboxylic acids. Such a process is 
described in British Patent No. 921,477, which deals with 
the hydrogenolysis of aqueous or alcoholic solutions of a 
variety of carboxylic acids in the presence of sintered co 
balt oxide which has been pre-reduced with hydrogen be 
fore use in the hydrogenolysis process. Hydrogenolysis 
temperatures are in the range of 150 to 300 C., prefer 
ably 200° to 250° C.; hydrogenolysis pressure is about 5 
to 500 atmospheres, especially 50 to 350 atmospheres. 
Pressure and temperature are, of course, so correlated that 
a liquid phase is always maintained in the reaction cham 
ber. These conditions are applicable in the hydrogenolysis 
step of the present invention. Other forms of catalysts 
having a catalytically active metallic cobalt surface, e.g. 
fine cobalt precipitated on inert supports such as stone 
ware, can also be employed; the invention is not restricted 
to use of the reduced sintered cobalt catalysts, although 
these typify the presently-available catalysts which are 
generally employed for hydrogenolysis of free acids. 
Rhenium black is also a suitable hydrogenolysis catalyst. 

It will be recognized, of course, that in applying the 
present invention in the hydrogenolysis reaction systems 
typical of the prior art, minor modifications will be made 
as necessary to allow for the fact that the reaction me 
dium will contain alkali metal salts as well as organic 
compounds. Specifically, sufficient water will be main 
tained in the reaction medium to assure that the car 
boxylate salts and any inorganic salts which are present 
(e.g. potassium bicarbonate) will not be precipitated from 
solution. Water concentrations as employed in the typical 
prior art are sufficient for this purpose. Also, in that use 
ful embodiment of the invention in which carbon dioxide 
is a component of the buffer system, it will be understood 
that a finite quantity of free carbon dioxide (or carbonic 
acid) is maintained in all portions of the hydrogenolysis 
reactor. As will be understood, the concentration of car 
bon dioxide is not critical so long as a finite amount is 
present. When carbon dioxide is employed in this manner 
it can be added in its entirety at the start of the reaction, 
i.e. incorporated into the hydrogen entering the reactor, 
or, if desired, distributed at several points along the axis 
of the reactor (if the reactor be one of elongated propor 
tions). The quantity of carbon dioxide required is not of 
such a magnitude as to require any substantial elevation of 
reaction pressure to allow for the partial pressure of 
carbon dioxide incorporated into the hydrogen gas phase. 

It will be recognized also that the type of hydrogen 
olysis reactor to be employed is not critical; any type 
suitable for the hydrogenolysis processes of the prior art 
is suitable, e.g. stirred autoclaves or, more preferably, 
vertical vessels or tubes through which the liquid feed 
stock is passed and within which it is contacted with 
hydrogen and the catalyst, typically positioned in the re 
actor as a packed bed of pellets or catalyst-coated Sup 
ports such as Berl saddles. 

PRODUCT RECOVERY 

In its broader aspects the invention is not restricted to 
any particular method for recovering the organic products 
of the hydrogenolysis reaction. The liquid product with 
drawn from the hydrogenolysis reactor comprises one 
or more hydroxy compounds, typically alkanols, alkane 
diols, or both, along with some water and a quantity of in 
organic salts. When it comprises but a single phase, and 
when the buffering system being employed is not one in 
which potassium bicarbonate decomposition is, for exam 
ple, employed to salt out the organic components, con 
ventional methods can be employed to recover the or 
ganic products. For example, the organic products can be 
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6 
separated from the water and the inorganic Salts by Sol 
vent extraction with, for example, an ester such as a lower 
alkyl carboxylate, followed by distillation if desired. The 
inorganic buffering agent or agents can then be recycled, 
if desired, to the neutralization and hydrogenolysis steps 
of the process. 

In the preferred embodiment of the invention, however, 
the potassium bicarbonate-carbon dioxide buffering Sys 
tem is employed in the hydrogenolysis, with the result 
that the hydrogenolysis product comprises alkanols and/ 
or alkanediols, water, and potassium bicarbonate along 
with some dissolved carbon dioxide. It will be understood, 
of course, that some hydrogen may also be present until 
the product has been degassed; any such excess hydrogen 
will, of course, typically be separated from the reaction 
product before workup of the liquid product itself. 
The liquid hydrogenolysis product may or may not exist 

in a single liquid phase as it is withdrawn from the re 
actor. If there are two liquid phases, they can be handled 
together during the degassing and product-separation steps 
which are to follow. 
The first step is to degas the liquid reaction product, at 

a temperature high enough to thermally decompose aque 
ous potassium bicarbonate to potassium carbonate, while 
maintaining a sufficiently high pressure to retain the bulk 
of the reaction product in the liquid phase. The required 
temperature is in the range of about 90° C. to 110° C., 
with about 105 to 107 C. being particularly suitable. At 
these temperatures, substantially atmospheric pressure can 
be employed. Higher temperatures can be employed if 
desired, with correspondingly higher pressures being em 
ployed to maintain an aqueous liquid phase in the ma 
terial being degassed. The evolved carbon dioxide is 
vented from the degassing reaction vessel and is either dis 
carded or, if desired, recycled to the hydrogenolysis reac 
tor. It will be recognized that complete decomposition of 
all the potassium bicarbonate contained in the reaction 
product to potassium carbonate is not essential; undecom 
posed bicarbonate can be recycled to the hydrogenolysis 
reaction step if desired, so long as sufficient carbonate is 
provided to neutralize all of the fresh carboxylic acid feed 
stock which is to be hydrogenolyzed in the hydrogenolysis 
step of the process. In batch degassing, the bicarbonate 
decomposition step is carried out by holding the liquid 
at the desired degassing temperature until carbon dioxide 
evolution has substantially ceased. In continuous opera 
tions this step can be controlled by coordinating degassing 
temperature and retention time at such levels that carbon 
dioxide is evolved at a rate such that substantially the en 
tirety of the potassium bicarbonate fed into the degasser 
is converted to potassium carbonate. 

After degassing, the liquid reaction product is cooled 
as necessary to effect its separation into two liquid phases. 
With higher molecular weight hydrogenolysis products 
Such phase separation may take place, or at least take 
place to Some extent, at the degassing temperature, i.e. 
at about 100 C. With lower molecular weight products, 
however cooling is necessary to effect phase separation and 
even with higher molecular weight products, cooling is 
recommended to enhance the efficiency of the separation. 
More particularly, it is recommended that the degassed liq 
uid be cooled to roughly 40° C. for optimal phase separa 
tion efficiency. 

After the phase separation has occurred, the lower, or 
aqueous, layer is advantageously employed again for neu 
tralizing the carboxylic acid feedstock. It will be rec 
ognized that in some circumstances it may be desirable 
to remove water-soluble organic impurities from this 
aqueous phase to prevent their buildup in the reaction 
System. The upper, or organic, phase is forwarded to 
product purification steps which are outside the scope of 
the invention and which will vary according to the nature 
of the hydrogenolysis product but which typically com 
prise distillation to separate the mixture into its various 
components as desired. 
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In connection with the foregoing discussions of the 
hydrogenolysis and product recovery steps it should be 
noted that it is not essential that the hydrogenolysis step 
of the process be carried entirely to completion; that is 
there is no disadvantage if the reactor product from the 
hydrogenolysis step still contains a portion of unreacted 
carboxylate salts of the carboxylic acid feedstock. In the 
process employing potassium carbonate and Subsequent 
phase separation of the product, such carboxylate Salts 
partition strongly into the aqueous phase, with the result 
that they are easily recycled with the aqueous phase to 
the neutralization and hydrogenolysis steps of the process. 
Thus the unconverted carboxylate moiety is both sepa 
rated from the recovered organic products (the organic 
layer formed in the phase separation) and also recycled 
for further hydrogenolysis. The result is the main 
tenance of a high hydrogenolysis reactor throughput 
(reactor volume for, say, 90% conversion being or 
dinarily much less than the volume required for, say, 
near-100% conversion) and also a reduction in cor 
rosion in the product purification apparatus which would 
otherwise take place if free carboxyli acid were present in 
the crude organic products being distilled or otherwise 
processed. 
The following examples are given to further illustrate 

the practice of the invention; it will be recognized that 
many variations can be made therefrom within the scope 
of the invention, 

EXAMPLE I 

As hydrogenolysis feedstock there was employed a 
crude mixture of carboxylic acids obtained by the liquid 
phase oxidation of cyclohexane and containing, by weight, 
approximately 20% of adipic acid, 2% succinic acid, 4% 
glutaric acid, 10% 6-hydroxycaproic acid and epsilon 
caprolactone, and the remainder a mixture of other 
alkanecarboxylic acids, dicarboxylic acids, and hydroxy 
carboxylic acids of less than 6 carbon atoms per molecule 
derived from the oxidation of cyclohexane. 
The feedstock just described was dissolved in a meth 

anol-water mixture containing 25 weight percent meth 
anol and the remainder water, to make a 10% solution. 
The methanol was employed for the purpose of simplify 
ing the measurement and analysis of the anticipated hy 
drogenolysis product by preventing the formation therein 
of two liquid phases. 
The solution just described was neutralized with di 

sodium hydrogen phosphate, to a pH of about 6.2 as 
measured at room temperature. The neutralized solution 
was then placed in a rocking autoclave containing, per 
100 ml. of the solution, approximately 30 grams of A6 
inch diameter pellets of a sintered metallic cobalt catalyst 
formed by reducing sintered cobalt oxide pellets with 
hydrogen according to the methods customarily em 
ployed in the prior art (e.g. as in British Patent No. 
921477) for preparing and conditioning such catalysts. 
The contents of the autoclave were then treated with 
hydrogen for about 4 hours at 230 C. and at about 300 
atmospheres of hydrogen pressure. 
Upon cooling the autoclave, releasing the hydrogen, 

and analyzing the liquid product, it was determined that, 
within the limits of analytical accuracy, all of the car 
boxyl moiety in the feedstock had been converted to 
hydroxymethyl moiety. Substantially all of the adipic acid, 
hydroxycaproic acid, and caprolactone had been con 
Verted to 1,6-hexanediol. 

EXAMPLE I 

The same feedstock solution employed in Example I 
was neutralized with potassium carbonate instead of di 
Sodium hydrogen phosphate. Approximately 1 mole of 
potassium carbonate was employed per equivalent of 
carboxyl moiety in the feedstock. The neutralized solu 
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bonate was then added, in an amount of 1 mole per mole 
of potassium carbonate. 
The neutralized solution was placed in the same auto 

clave as employed in Example I along with the same 
catalyst, the ratio of catalyst to reactant solution being 
the same also as in Example I. Additionally, approxi 
mately 2 grams of solid carbon dioxide was placed in the 
autoclave per 100 ml. of reactant solution. Carbon di 
oxide was added in this manner instead of as carbon 
dioxide gas for the sake of convenience. After addi 
tion of the carbon dioxide the pH of the resulting mix 
ture was between 6.0 and 7.0. 
The autoclave containing reactant liquid, catalyst, and 

carbon dioxide was then pressured with hydrogen and the 
hydrogenolysis reaction was carried out as in Example I. 
Analysis of the liquid products indicated that hydro 
genolysis of the carboxy moiety of the feedstock was 
complete as in Example I. 

EXAMPLE III 

A carboxylic acid feedstock identical with that de 
scribed in Examples I and II is mixed with water and 
potassium carbonate to form a solution containing ap 
proximately 10.0 weight percent organic material, 70.0 
weight percent water, 10.0 weight percent potassium bi 
carbonate, and 10.0 weight percent potassium carbonate. 
In this mixture the carboxylic acid content of the organic 
feedstock is, of course, present as the potassium salts. 

Carbon dioxide is then bubbled through the solution 
prepared as just described in an amount at least suffi. 
cient to convert all the potassium carbonate present to 
potassium bicarbonate. 
The neutralized solution is then placed in an autoclave 

with a hydrogenolysis catalyst as described in Examples 
I and II, along with carbon dioxide in an amount equal 
to at least one mole thereof per equivalent of potassium 
carboxylate contained in the feedstock solution. The 
autoclave is then pressured with hydrogen and the feed 
Stock hydrogenolyzed as in Examples I and II. 

After hydrogenolysis the autoclave is cooled to ap 
proximately 40° C., the hydrogen is released, and the 
liquid contents are drawn off into a separate vessel in 
which they are reheated to approximately 100° C. Heat 
ing is continued until gas evolution from the liquid has 
ceased. The degassed liquid product is then cooled again 
to approximately 40 C. Two liquid phases are present, 
the upper phase consisting of hydroxymethyl-substituted 
derivatives of the carboxylic acids contained in the 
original hydrogenolysis feedstock while the lower phase 
comprises predominantly water containing dissolved po 
tassium carbonate. The upper phase is drawn off for 
Workup of the organic products as desired, while the 
lower phase is drawn off for reuse in neutralizing addi 
tional quantities of the carboxylic acid feedstock as pre 
viously described. 
Of the carboxylic acid moiety contained in the crude 

feedstock prior to neutralization, approximately 95% is 
recovered in the form of the corresponding hydroxymeth 
yl derivatives in the organic phase obtained after the de 
gassing step just described. Any unconverted potassium 
carboxylate is recycled to the hydrogenolysis step with 
the aqueous layer obtained after the phase-separation step 
and is So ultimately recovered as the desired hydroxy 
methyl-substituted product. 
The embodiments of the invention in which an exclu 

i property or privilege is claimed are defined as fol 
OWS 

1. In a process for converting to a corresponding hy 
droxymethyl-substituted derivative a carboxy-substituted 
feedstock which comprises predominantly at least one 
member of the group consisting of carboxyalkanes, dicar 
boxyalkanes, hydroxycarboxyalkanes, and lactones of hy 
droxycarboxyalkanes having at least four carbon atoms in 
the molecule, said process comprising subjecting said feed 

tion had a pH of approximately 8.0. Potassium bicar- 75 stock to hydrogenolysis in the presence of a catalyst con 
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sisting essentially of a catalytically active metallic co- to a temperature, in the range of approximately 40 
balt surface followed by recovering said hydroxymethyl- C. to 100 C. at which it separates into two liquid 
substituted product from the resulting hydrogenolysis re- phases, an organic phase comprising the hydroxy 
action product, the improvement which comprises: methyl-substituted compound and an aqueous phase 

(a) preparing the potassium salt of said feedstock in an 5 comprising potassium carbonate; 
aqueous solution containing water and organic mate- (g) Separating the organic phase from the aqueous 
rial in a proportion of about 7:1 by weight; phase; and 

(b) buffering said salt solution with carbon dioxide and (h) recovering the hydroxymethyl-substituted com 
potassium bicarbonate to a pH between about 6.0 and pound from the organic phase. 
about 7.0; 10 2. The process of claim 1 comprising the additional 

(c) subjecting said buffered salt solution to hydro- steps of admixing the aqueous phase produced in the 
genolysis in the presence of said catalyst and in the phase-separation step with fresh quantities of the carboxy 
presence of free carbon dioxide at a temperature in substituted feedstock and incorporating the resulting mix 
the range of approximately 150° C. to 300 C. and ture into the materials fed to the hydrogenolysis reaction 
at a pressure of from about 5 atmospheres to about 15 step. 
500 atmospheres to convert substantially the entirety 3. The process of claim 2 wherein the degassing step is 
of the contained carboxylate moiety to hydroxymeth- carried out at substantially atmospheric pressure and at 
yl moiety; a temperature of about 100° C. to 110' C. 

(d) maintaining in the liquid reaction product result 
ing from said hydrogenolysis step a potassium salt 20 References Cited 
E. of at least Oe two gram- UNITED STATES PATENTS equivalents of potassium per kilogram of water con 
tained therein, said concentration being at least about 29:29: 3/38 Er are are as a a 23. A 
two equivalents per liter when the hydroxymethyl- 2,121,368 6/1938 SHE a- aa as as aa as a- as a 56638 A. 
substituted product contains less than 2.5 carbon 25 26078 8/1952 yer a sow was m or a has 260-635 D 
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equivalent per liter when the product contains at 3,478.12 11/1969 AA Falas aa as as a ad as a 260-635 D 
least 2.5 carbon atoms per hydroxyl group; 3.355 "s/576 for it al... 260-637 R (e) degassing said liquid reaction product, at a tem 
perature of at least about 90 C. and at a pressure 30 sufficient to maintain a liquid water phase therein, LEON ZITVER, Primary Examiner 
until by evolution of carbon dioxide gas, substan- J. E. EVANS, Assistant Examiner 
tially the entirety of the potassium bicarbonate pres 
ent in the liquid reaction product has been converted U.S. C. X.R. 
to carbonate; 

(f) cooling the resulting degassed liquid as necessary 8 260-637R,638A, 643D 


